In this paper we investigate the power allocation optimization for spectrum efficient multi-pair two-way massive MIMO (TWMM) amplify-and-forward (AF) full-duplex (FD) relay over Ricean fading channels, where multiple user-pairs exchange information within pair through a AF-FD relay with very large number of antennas, while each user equipped with a single antenna. First, the zero-forcing reception/zeroforcing transmission and maximum-ratio combining/maximum ratio transmission processing matrices with imperfect channel state information at the relay are presented. Then, the unified asymptotic signal-to-interference-plus-noise ratio (SINR) expression of the system at general power scaling schemes are investigates. Finally, the joint user-relay power allocation (JURPA) scheme is proposed to improve the spectral efficiency of TWMM-AF-FD relay system. Simulation results show that the proposed JURPA scheme outperforms traditional user-side only power allocation scheme.
1000X by 2020. Massive multiple-input multiple output (MIMO) [1] is identified as one of the key enabling technologies to achieve this goal due to its strong potential in boosting the spectral efficiency (SE) of wireless networks [1] [2] .
The term massive MIMO indicates that the base station (BS) or relay employs a number of antennas much larger than the number of active data streams per time-frequency resource. Massive MIMO was originally designed for time division duplex (TDD) system [1] [2] [3] [4] [5] [6] [7] , since by exploiting the channel reciprocity in TDD setting, the required channel state information (CSI) for downlink transmission at the BS can be easily obtained via uplink training [1] . The training overhead scales linearly with the number of user equipments (UEs) and is independent with the number of BS antennas. As frequency division duplex (FDD) dominates the current wireless cellular systems, the application of massive MIMO in FDD system is even more desirable. In FDD massive MIMO, the downlink training and corresponding CSI feedback yield an unacceptably high overhead.
One attempt of practical FDD massive MIMO is called joint spatial division and multiplexing (JSDM) [8] , where the correlation between channels is exploited to reduce the training and feedback dimensions. Another scheme is called beam division multiple access (BDMA) [9] , which gets rid of the need of CSI at transmitter and provides strong potential to realize massive MIMO gain in FDD system.
In TDD and FDD massive MIMO systems (namely halfduplex (HD) massive MIMO systems), the uplink and downlink UEs must be allocated with orthogonal time slots or frequency bands, which results in insufficient utilization of time-frequency resources. Inspired by the recent development of full-duplex (FD) communication [10] , co-time co-frequency uplink and downlink (CCUD) transmission becomes another option in the cellular system. Although attractive in SE, CCUD transmission is considered challenging due to the strong self interference (SI) caused by the signal leakage between BS/relay transmitter and receiver, especially when the BS is equipped with large-scale antenna arrays. To support the CCUD transmission, the BS employs a separate antenna configuration where two separate large-scale antenna arrays are used for transmission and reception, respectively [11] . In this case, the downlink channel reciprocity is commonly considered as unavailable [12] . Without reciprocity, the training overhead to obtain the downlink CSI scales linearly with the number of BS antennas, which poses another big challenge.
Note that the CCUD transmission in the cellular system with massive MIMO BS/relay has been investigated recently in several works (See [13] [14] [15] and the references therein). The authors in [13] studied the SE performance of CCUD transmission in both macro-cell and small-cell environments. The linear beamforming design of the BS for CCUD transmission has been considered in [14] . The power allocation scheme for user-side only has considered in [15] to optimize the system spectral efficiency.
In this paper, we investigate the power allocation optimization for spectrum efficient multi-pair two-way massive MIMO (TWMM) amplify-and-forward (AF) FD relay over Ricean fading channels. The unified asymptotic signal-to-interferenceplus-noise ratio (SINR) expression of the system based on the beamforming matrixes of MRC/MRT and ZFR/ZFT at the relay, at the pow- 
Channel Estimation and Data Transmission
Since it is impossible for the relay to obtain the complete channel state information from all the channels, so it is necessary to estimate the channel matrix. For The received pilots matrices at the R's receive and transmit antenna arrays are given by
are pilot sequences transmitted from all users transmit antennas and all users receive antennas, respectively. 
is the channel matrices from all users transmit antennas to R's transmit antenna array and 
is from all users receive antennas to R's receive antenna array. CN σ elements. And T P is the transmit power of each pilot symbol. All pilot sequences are assumed to be paired and distributed independently,
. and we set 4K τ = in this paper. We consider the LOS component assumed to be known and can be removed, the remaining terms of the received matrices are 
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According to MMSE estimates, the actual channel can be expressed as 
In addition, due to the nature of MMSE estimates, G  is indepen-
At time instant t, all sources transmit their symbols to R and R forwards the amplified signal to destinations. The received signals at the relay and the k'th user are given by:
where [ ] 
The transmit vector of R at time instant t can be expressed as:
where
is the beamforming matrix, and d denotes the processing delay at R. In this paper, some loop interference cancellation methods [16] can be adopted at the relay before carrying out (3) 
Beamforming Design and SINR Anlysis
In this section, we introduce the ZFR/ZFT-based and MRC/MRT-based beamforming design, the end-to-end SINR of the proposed transceiver schemes for multi-pair two-way MM-AFFDR system are analyzed.
Lemma 1: By the law of large numbers, if M is large enough, the inner product of any two columns in the estimate channel matrix Ĝ can be expressed as [17] :
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According to Lemma 1, it can be easily obtained that:
and . . ,
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ZFR/ZFT Beamforming
The ZFR/ZFT beamforming matrix can be expressed as [18] :
where 1 P diag( )
zf a is the amplification factor, which can be expressed as:
where ' ( , ) i i is a pair of user.
Theorem 1: Using ZFR/ZFT beamforming matrix with imperfect CSI from MMSE estimation, the end-to-end SINR at the k'th user can be expressed asymptotically (in M) as:
the power for channel estimation error
and power for echo interference can 
Using ZFR/ZFT beamforming matrix with imperfect CSI from MMSE estimation, at the power ( ,
, the asymptotic SINR when M → ∞ can be expressed as:
MRC/MRT Beamforing
The MRC/MRT beamforming matrix can be expressed as [18] :
factor, which can be expressed as: .  2  2  2  3  2  2  2  2  , ' , ,
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Using MRC/MRT beamforming matrix with imperfect CSI from MMSE estimation, at the power ( ,
Specially, when 
Spectral Efficiency Optimization by Power Allocation
In the previous sections, we have assumed that all the sources and relay use the same transmit power. However, the spectral efficiency achieved in reality may not be optimal since each source-destination pair suffers from different fading environments. As a result, power control scheme at sources and relay is need to improve the system performance and optimize the SE subject to the maximum power constrains
at R. The SE is defined as:
For convenience to analysis, we rewrite the end-to-end SINR in Theorem 1, 2 under ZFR/ZFT and MRC/MRT beamforming schemes as a unified expression as:
For ZFR/ZFT beamforming scheme, we have:
.
Since the target function is not in the posynomial form, the similar method in [19] for solving geometric programming (GP) can be used. For any 0
Then the SE optimization problem can be solved by using several GPs, Algorithm1 is in the following description.
Simulations Results
In this section, we examine the SE of the multipair two-way MM-AF-FDR system when its uplink power and downlink power are distribution at the same time. Without loss of generality, we let Figure 2 shows the SE v.s. v . We can see from Figure 2 that the achievable SE is improved significantly by using the proposed JURPA scheme, which optimize the uplink power and downlink power at the same time. Compared with the user-side only power allocation scheme in [15] , the proposed JURPA scheme can obtain significantly SE improvement, and the SE gain increases with the decreasing of v . rr σ It is seen from Figure 4 that the proposed JURPA scheme outperforms the userside only power allocation scheme in [15] and the no power allocation scheme on the system SE performance. Moreover, the SE gain increases with the increasing of 2 rr σ .
Conclusion
In this paper we investigate the power allocation optimization for spectrum efficient TWMM-AF-FD relay over Ricean fading channels. First, the ZFR/ZFT and MRC/MRT processing matrices with imperfect channel state information at the relay are presented. Then, the unified asymptotic SINR expression of the system at general power scaling schemes are investigates. Finally, the JURPA scheme is proposed to improve the spectral efficiency of TWMM-AF-FD relay system. Simulation results show that the proposed JURPA scheme outperforms traditional user-side only power allocation scheme. Proposed PA PA for UE only [19] No PA Proposed PA PA for UE only [19] No PA ZFR/ZFT MRC/MRT
